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of these eight sourceswere 13.1%, 20.0%, 5.5%, 7.8%, 9.4%, 5.1%, 14.8, and 24.3%, respectively. TheNi–related
industrialsource,whichwasdetectedinpreviousPMFanalysis,wasnotidentifiedinourstudyandasharpdecreasein
Niconcentrationswasobservedafter theendof2004.Thecontributionof roaddustsourcedecreasedsignificantly
after 2004 (Mann–Whitney test, p<0.01),which is probably the result of the citywide enhanced street sweeping
programs starting in2005.A40% reduction in thewood combustionPM2.5 contributionbetweenwinter2008and
winter2009was found.Thisdecrease couldbeattributed to the San FranciscoBayAreaAirQualityManagement
District(BAAQMD)woodburningrule implemented inJuly2008. Inthefuture,theeffectivenessandbenefitsofthe
woodburningrulecouldbeevaluatedusingthemulti–wavelengthaethalometerdelta–cmethod.
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The sources of fine particulate matter (PM2.5, aerodynamic
diameterlessthan2.5ʅm)includefuelcombustionfromautomoͲ
biles,powerplants,woodburning,industrialprocesses,anddiesel
powered vehicles (EPA, 2011).PM2.5 is also formed in the atmoͲ
sphere when gases such as sulfur dioxide, nitrogen oxides, and
volatileorganiccompoundsaretransformedintheairbychemical
reactions (EPA,2011).PM2.5presents risks tobothhumanhealth
andtheenvironment.Studieshavesuggestedlinksbetweenlong–
termexposuretoPM2.5andawiderangeofserioushealtheffects
including premature death (especially related to heart disease),
cardiovasculareffects(suchasheartattacksandstrokes),reduced
lung development, and chronic respiratory diseases (such as
asthma) (EPA, 2012a). PM2.5 can be transported over great
distancesandisamajorcauseofvisibilityimpairment.Ithasbeen
found that one–third of the haze seen over the Grand Canyon
comes from Southern California (EPA, 2011). PM2.5 also contribͲ
utedtoacidrain.

In 1997, U.S. Environmental Protection Agency (EPA)
promulgatedaNationalAmbientAirQuality Standards forPM2.5.
Toestablish the relationshipbetweenambientparticulatematter
concentrations and public health impacts, to understand source
and receptor relationships, the EPA Speciation Trends Network
(STN)programwas initiated in2000. InDecember2012, theU.S.
EPA finalized an update to its national air quality standards for
PM2.5, setting the annual health standard at 12μg/m3. By 2020,
99%percentofU.S.countiesareprojectedtomeetrevisedhealth
standardwithout any additional actions.By2030, it isestimated
that the standards that cut PM2.5 emissions from diesel vehicles
and off–road equipment will prevent up to 40000 premature
deaths, 32000 hospital admissions and 4.7million days ofwork
lost due to illness. EPA estimates health benefits of the revised
standardtorangefrom$4billiontoover$9billionperyear,with
estimated costs of implementation ranging from $53million to
$350million(EPA,2013a).

To manage ambient air quality and establish effective
emission reduction strategies, it is crucial to identify sourcesand
apportion the ambient PM mass. Receptor models have been
developed to analyze variousmeasured properties of the pollutͲ
















Fog and stratus clouds are typical from May through October.
Periodsofcloudiness,strongshiftingwinds,andprecipitationare
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typical during winter. Most of rainfall occurs from November
throughApril.Thenorthwestseabreeze iscommononmostdays
fromspringthroughearlyfall.Atnightduringwinter,southeasterly
flow is common, but with lower wind speeds. Interstate 280,
Interstate680,Interstate880,U.S.101,StateRoutes17,82,85,87
and237aretheprimaryfreewaysthatrunthroughSanJose.Many
of the freeway segments carry more than 100000 daily traffic
trips.

PM2.5 sampleswere collected at the Jackson Street STN site
(site ID: 60850005, 37.35°N, 121.895°W). The site is located
a46kmeastof thePacificOceanand14kmsoutheastof theSan
FranciscoBay (Figure1).The landusearoundthesite isprimarily
commercial.Therewerea702PM2.5emitting facilities in thisarea






filters with a spiral aerosol speciation sampler (Met One
Instruments) (EPA, 2012b). The Teflon filters were used for the
analysis of mass concentrations of up to 48 elements by the
energy–dispersiveX–rayfluorescence.Thenylonfilterswereused
fortheanalysisofcationsandanionsbyionchromatography.The
quartz filters were used for organic carbon (OC) and elemental












measured concentrations below method detection limit (MDL)
values were replaced by half of the MDL value, and their
uncertaintieswere set at five sixths of theMDL values.Missing
concentrations were replaced by the geometric mean of the
concentrations,and theiraccompanyinguncertaintiesweresetat




Br, Sr, Pb, NO3–, NH4+, EC,OC, and PM2.5. The specieswith S/N















were judgedmost interpretable. Eight sources include secondary
sulfate, secondary nitrate, fresh sea salt, aged sea salt, diesel
emission, road salt,gasolinevehicles,andwoodcombustion.The
averagecontributionstoPM2.5oftheseeightsourceswere13.1%,




series of contributions from each source. Table 2 provides a
summaryoftheseasonalcontributionsforeachsourceandshows
the average source contributions for thewhole samplingperiod.
Figure4 illustratestheannualvariationofsourcecontributionsto
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Table1.SummarystatisticsforthePM2.5andspeciesconcentrations(ng/m3)attheJacksonStreetSTNsiteduringOctober2002toFebruary2012
Species ArithmeticMean StandardDeviation GeometricMean PercentBDLa MDLb PercentMissing
PM2.5 12596.1 8875.2 10416.7   2%
OC 4711.3 3311.3 3848.3 0% 244.0 13%
EC 833.4 790.9 583.9 7% 244.0 13%
NO3Ͳ 2418.4 2632.5 1578.0 0% 12.0 4%
NH4+ 836.1 951.5 478.9 3% 19.0 4%
Na 358.5 350.5 220.7 19% 59.0 2%
Mg 42.5 42.9 25.8 56% 23.0 2%
Al 34.5 45.9 19.9 53% 16.0 2%
Si 92.6 117.7 59.1 8% 12.0 2%
S 425.8 286.6 342.6 0% 10.0 2%
Cl 219.8 330.2 69.0 22% 8.0 2%
K 77.5 102.6 54.5 1% 7.0 2%
Ca 58.6 59.4 42.8 1% 5.0 2%
Ti 6.4 6.0 4.2 55% 4.0 2%
V 2.2 2.0 1.4 77% 2.0 2%
Cr 2.6 3.7 1.4 70% 2.0 2%
Mn 2.2 2.2 1.4 70% 2.0 2%
Fe 101.4 93.7 73.6 0% 2.0 2%
Ni 6.3 19.7 1.8 53% 1.0 2%
Cu 5.1 5.2 3.3 27% 2.0 2%
Zn 7.5 8.2 4.6 28% 2.0 2%
As 1.4 1.2 0.9 84% 2.0 2%
Br 3.6 2.5 2.7 28% 2.0 2%
Sr 2.6 3.8 1.4 78% 2.0 2%




The species associatedwith the first source included S and
NH4
+, and this profile was classified as secondary sulfate. The
seasonal averagemass contributions show peak contributions in
the summer,1.4 timeshigher compared to thewinter (Table 2).
The presence of OC in the secondary sulfate profiles has been
commonly observed in previous studies (Song et al., 2001). It is
because of the condensation of organic matter on the sulfate




and this profile was classified as secondary nitrate. The mass
contributionsof secondarynitrate showpeaks in thewinter.The
species contributing to the third source includedNa,Mg,andCl.
Thissourcewasidentifiedasfreshseasalt.Thepeakseasonalmass
contributionsoffreshseasaltsourcewereinthespring.Thefourth
sourcewas classified as aged sea salt. Themain species in this
sourceareNa,Mg,S,Ca,Cl,andNO3–.TheClwasalmostdepleted
compared to the freshseasaltsource,becauseNaCl isconverted
intoNa2SO4 andNaNO3 by reaction ofNaClwith gaseousH2SO4





EC,NO3–, Fe, Zn, Ca, and Cu. This sourcewas assigned to diesel
emission. For diesel emission, EC was higher relative to OC
compared to the gasoline vehicle source profile. Zn and Ca are
additivesinmotoroil,andCuandFearereleasedfrombrakepads
(Gargetal.,2000;Alanderetal.,2005;Wahlinetal.,2006).Fecan
also be emitted frommuffler ablation. Thewinter contributions
wereslightlyhigherthanotherseasons.This increasemaybethe
resultof the lowermixing–layerheights in thewinter,so there is
reduced dispersion of the ground level emissions. The major
speciescontributingtothesixthsourceincludedSi,Fe,andCa.This
factorwas assigned to be road dust. The temporal variation of
source contribution plot shows very strong contributions during
October2002andDecember2004,andcontributionsbecamevery
weakafter2005(Figures3and4).Theannualmediancontribution





The seventh source was interpreted as gasoline vehicle
emissions. OC, EC, Al, Ca, Fe, and NO3– were major species
contributingtothissource.Thissourcewasidentifiedonthebasis
of high levels of OC and EC, with a higher proportion of OC.
However,Shahetal.(2004)haveshownthatveryslowmovingand
stop–and–godiesel vehicle emissionshaveOC/EC ratios that are
very similar to those of gasoline vehicles. Thus, this could be a
mixed source including gasoline and slowmoving diesel vehicle






Figure 5 shows a 40% reduction in thePM2.5mass contributions
apportionedtowoodcombustionbetweenthewinterof2008and
thewinterof2009.Woodcombustionoccupied35.1%ofthetotal
PM2.5 duringwintertime between December 2002 and February
2012. This factormay include contributions frommeat cooking,
because the combination of OC, EC, and K would also be the
tracersforthissourcetype.

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Secondarysulfate 0.90±0.08 6.1 1.31±0.07 15.4 2.15±0.08 22.6 1.61±0.09 13.5 1.49±0.04 13.1
Secondarynitrate 4.20±0.33 28.4 0.94±0.09 11.0 1.19±0.09 12.5 2.53±0.23 21.1 2.27±0.12 20.0
Freshseasalt 0.43±0.05 2.9 0.97±0.08 11.3 0.70±0.08 7.4 0.39±0.05 3.2 0.62±0.03 5.5
Agedseasalt 0.32±0.02 2.2 1.20±0.08 14.0 1.37±0.10 14.4 0.71±0.06 6.0 0.89±0.04 7.8
Dieselemission 1.38±0.07 9.3 0.79±0.04 9.2 0.86±0.04 9.0 1.15±0.05 9.7 1.06±0.03 9.4
Roaddust 0.43±0.04 2.9 0.63±0.05 7.4 0.47±0.04 4.9 0.75±0.07 6.3 0.58±0.03 5.1
Gasolinevehicle 1.94±0.09 13.1 1.30±0.07 15.2 1.50±0.07 15.7 1.90±0.08 15.9 1.68±0.04 14.8
Woodcombustion 5.19±0.32 35.1 1.40±0.07 16.4 1.29±0.11 13.5 2.90±0.18 24.3 2.75±0.11 24.3
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In July 2008, the San Francisco Bay Area Air Quality
Management District (BAAQMD) Board of Directors adopted
Regulation 6,Rule 3 to reducewood smoke emissions. This rule
prohibits the use of any wood–burning devices when the Air
District issues awinter “Spare theAir” health advisory, and also
prohibits the sale and installation of non–EPA–certified wood–
burningdevicesinnewconstructionorre–modelsofhomesinthe




Hwang and Hopke (2006) reported a Ni–related industrial















Eight sources contributing to ambient PM2.5 in San Jose, CA
were identified based on the 2002–2012 EPA STN data, which
include secondary sulfate, secondarynitrate, fresh sea salt, aged
sea salt, diesel emission, road salt, gasoline vehicles, andwood
combustion. The contributions to PM2.5 of these eight sources
were 13.1%, 20.0%, 5.5%, 7.8%, 9.4%, 5.1%, 14.8, and 24.3%,
respectively.ThecontributionofroaddustsourcedecreasedsignifͲ
icantly after 2004,which is probably the result of the citywide
enhanced street sweeping programs starting in 2005.Our result
shows a 40% drop in the average wood combustion PM2.5
concentrationbetweenwinter2008andwinter2009,whichcould





wind direction values, and evaluating in more details of the
effectiveness and benefits of the wood burning rule during
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